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1. World’s largest 
carbonate 
platform 

2. Only modern 
platform where 
there is 
significant 
amount of non-
biogenic 
precipitation 

3. ~ 100 Myrs Old 
4. 1000s of meter of 

shallow water 
carbonates 

5. Exists in an 
oligotrophic 
setting 

The Bahamas 
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Facies 
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Stirred Up Hypothesis 

• No Change in alkalinity between inside and 
outside. 

– Such a change would be expected if direct 
precipitation was taking place. 

• Age of the whitings was old rather than young 

• Their suggestion was that the whitings were 
caused by fish, although no attempt was made 
to see if there were any fish present. 

 



• “Decades later, I learned that despite our efforts, the debate still 
raged. The people involved had either forgotten or disregarded 
our publication. The argument was fed by the failure to come up 
with a believable mechanism for creating the sediment 
suspension. Faced with this, I put on my thinking cap. I 
remembered that Captain George of the Lord Raleigh had 
forbidden scuba dives into the whiting. “They’re loaded with 
lemon sharks.” In answer to my inquiry as to why they might be 
there, I was told that while fish in the whitings were blind (as are 
airplane pilots in clouds), the sharks used electric sensors to locate 
the fish. I took this one step further and proposed that it was the 
sharks that stirred up the sediment. Just as spiders spin webs to 
catch insects, the sharks stirred up sediment to catch fish but, as 
far as I know, there are still no converts to this explanation.” 

Broecker, 2011 
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 Measured  the amount of 

precipitation arising from Whitings 

(34 g/m2/hr) 

These rates would be sufficient to 

deplete the whiting and therefore 

they must be being replenished 

No evidence of fish 

Geochemical data (C-14 and stable 

isotopic data) support that some 

component is directly precipitated 
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Bootleg Cruises 

• Between 1988-1992 

– Participated on cruises with Lisa Robbins in which 
we measured alkalinity changes within and 
outside whitings. 

– The whiting was much larger than just the intense 
white area. 



1992 

http://protist.i.hosei.ac.jp/pdb/images/Prokaryotes/Cyanobacteria/Cyanobacteria3.html 
M G G -R S M A S

U n iv e rs ity o f M ia m i
G e o lo g y, G eo c h em is try & G e o p h y s ic s

47

44

http://protist.i.hosei.ac.jp/pdb/images/Prokaryotes/Cyanobacteria/Cyanobacteria3.html


Ca2+ + 2HCO3
-  = CaCO3 + CO2 + H2O 

http://www.biologycorner.com/APbiology/cellular/notes_photosynthesis1.html 
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What is the Connection 
Between Whitings and the 
Growth of the Bahamas? 

 

Dust and Fe 
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Facies
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http://aerosols.hamptonu.edu/resources.html 
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Whiting data from: 
Robbins, L. L., Y. Tao and C. A. Evans: 
Temporal and spatial distribution of whitings 
on Great Bahama Bank and a new lime mud 
budget. Geology 25,  947-950, 1997. 
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What is the connection between 
Cyanobacteria and Fe? 
 Cyanobacteria which are photosynthetic need about 10 times more Fe 
 than algae to support the activity of N2 fixation 
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http://www.niir.org/books/book/plant-biotechnology-handbook/isbn-
8186623833/zb,,75,a,3f,0,a/index.html 



http://dornsife.usc.edu/labs/capone/summary/ 



What is the connection between 
Cyanobacteria and Whitings? 
 Photosynthesis by the Cyanobacteria cause a draw down in CO2 
 and causes an increase in the saturation state of Calcium Carbonate. 
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http://www.southampton.ac.uk/oes/research/projects/understanding_changes_in_cenozoic_carbonate_chemistry.page 



What is the benefit of the Cyanobacteria to 
the Community? 
 The fixation of N2 provides N2 to all organisms in the Environment 
 promoting growth of seagrasses and algae. 
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What are the Consequences? 
 During periods of high Fe delivery the production of carbonate increases 
 and the platform progrades more rapidly. 
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All elements have more than 

one isotope. 

Some of these are stable and 

some unstable (radioactive) 

Nitrogen has two stable 

isotopes (14N and15N) 

Changes in the abundance of 

the less abundant isotope 15N 

relative to 14N reflect biological 

and physical processes and 

can be used as tracers of 

such processes 

All organisms contain N and 

therefore some 15N 

Strong Supporting 
Evidence 
“Smoking Gun” 





Dust Upwelling 
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A Quiet Day on the Great Bahama Bank 











2CH2O + 2Fe2O3 = 4Fe2+ + 2HCO3 + H2O 

Fe3+ = Fe2+ + e 

2CH2O + SO4
2- = H2S + 2HCO3

- 

2CH2O + 2NO3
- = N2 + 2H2O + 2HCO3

- 



Fe2+ 

N2 = NH3 













































Non-active Active 



Summary 

• Dust from Africa provides sources of Fe to the 
surface sediments of the Bahamas 

• The dust contains high concentration of trace 
elements including Fe 

• This stimulates cyanobacterial growth which is in 
turn instrumental in inducing algal blooms which 
induce carbonate precipitation 

• The fine sediment is swept from the surface of 
the Bahamas and accumulates on the margins 
causing platform progradation. 
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Summary 

• Dust direct and indirectly provides N to all the 
communities on GBB 

• Such a mechanism may have been responsible 
to the formation of carbonate platforms in the 
past particularly during periods prior to the 
evolution of calcium secreting organisms 
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Are nutrients good for Carbonate 
Platforms? 

• Hallock, P. and Schlager, W. (1986) Nutrient 
excess and the demise of coral reefs and 
carbonate platforms. Palaios, 1, 389-398. 

 
Non-skeletal dominated carbonate platforms such as the 
Bahamas are positively stimulated by a modest input of 
nutrients. 
 
In Contrast 
Excess nutrients cause excess fleshy algal growth and 
lead to the deterioration of skeletal dominated carbonate 
platforms. 



What is Next? 

• Test the Various Hypotheses 
– Use genetic tracers to identify N-fixing and Fe-

reducing bacteria in whitings and sediments 

– Use more sophisticated geochemical tracers 

• Examine the porewater geochemistry to trace 
Fe 

• Prepare a N budget for GBB 

• Examine the geological record of Fe and N 
isotopes in cores 
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Roth, S. and Reijmer, J.J.G. (2005) Holocene millennial to centennial 
carbonate cyclicity recorded in slope sediments of the Great Bahama 
Bank and its climatic implications. Sedimentology, 52, 161-181. 
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